Introduction: Atherosclerotic renal artery stenosis (RAS) is usually one manifestation of wide spread atherosclerotic disease and its presence has a grave impact on prognosis. RAS is a progressive condition that can remain asymptomatic for a long time, only to present later with accelerated hypertension or renal insufficiency. The first approach to the management of atherosclerotic RAS consists of medical therapy to control blood pressure and other atherosclerotic risk factors. However, surgical or percutaneous revascularization can be of substantial benefit in selected patient groups.
Introduction
Renal arterial disease discovered incidentally can pose no problem for either kidney function or blood pressure control for several years, and as long as blood pressure and kidney function are well maintained, expectant management appears to be entirely appropriate. Nevertheless, revascularization of RAS is often considered with the prospect of improving blood pressure control or the impaired kidney function.
The outcomes of revascularization are heterogeneous. Overall, among RAS patients who underwent percutaneous transluminal renal angioplasty (PTRA) with stenting, 26% had an improvement in glomerular filtration rate (GFR), 48% had a stable GFR, whereas 26% had a decline in GFR [1] . Surgical revascularization has a higher complication rate and higher thirty-day mortality than PTRA (9% versus 2%) [2] .
The potential for serious deterioration in kidney function after revascularization, be it percutaneous or surgical, and the possibility of serious complications underscore the need to select patients carefully for vascular procedures in the kidney.
Case Report
A 37 years old man presented to a local cardiac center in December 2004 with an acute anterior myocardial infarction (MI). He was a heavy smoker and had hypertension for five years. He had severe pulmonary edema out of proportion to the degree of his left ventricular dysfunction, and his serum creatinine was found to be 8.5 mg/dl. His pulmonary edema was relieved by an emergent session of peritoneal dialysis, and he was then referred to our center for further management. When he first presented to our center, the patient had improved and was asymptomatic. His blood pressure was 130/90 mmHg on antihypertensive medication, and his physical examination was unremarkable apart from grade II hypertensive retinopathy. Investigations revealed a serum creatinine level of 9.5 mg/dl with normal electrolytes and bland urinary sediment; his hemoglobin was 14.5 g/dl; he had high lipid profile; his chest X ray revealed mild pulmonary congestion and bilateral small pleural effusions; his ECG showed evidence of left ventricular hypertrophy and features of recent anterior MI. An abdominal ultrasound scan showed normal sized kidneys with the right kidney being slightly smaller than the left kidney. Renal scintigraphy with Tc 99m DTPA showed that the left kidney had good perfusion with some delay in excretory function and a relative function of 84.5%, while the right kidney had poor perfusion and excretion and a relative function of 15.5%.
Restoration of Kidney Function after
The difference in size between the right and left kidneys and the isotope scan findings were suggestive of RAS as a cause of this patient's hypertension; however, we judged his azotemia to be, at least in part, due to a recent episode of severe heart failure and excessive diuresis.
Diuretics were reduced in dose and eventually withdrawn, and he was maintained on low dose aspirin and simvastatin. A small dose of lisinopril (2.5 mg/d) was introduced for blood pressure control and for the well known benefits of angiotensin converting enzyme (ACE) inhibitors on cardiac function. His renal function improved over several days, and his serum creatinine stabilized at around 2.8 mg/dl. He was then discharged on regular lisinopril 5 mg/d along with aspirin and simvastatin. He was strongly advised to stop smoking, and informed of the need for regular follow up.
Unfortunately, the patient was lost to follow up for several weeks, during which time he was not taking his medications regularly. He presented again when he became anuric and began to feel unwell, with shortness of breath and excessive fatigue. His blood pressure was 180/100 mmHg, and he had signs of fluid overload. His serum creatinine had escalated to 30 mg/dl, and this raised the possibility of bilateral renal artery stenosis. Lisinopril was withdrawn, and he was initiated on regular hemodialysis while a renal arteriogram was being arranged. The interventional cardiologist who was to perform the procedure was informed of the possibility of bilateral renal artery stenosis and the need to perform angioplasty with or without stenting if this was the case.
The arteriogram revealed bilateral renal artery occlusion; angioplasty was attempted, but the interventional cardiologist was unable to introduce the catheter into either renal artery ( Figure 1 ).
No collateral supply to the kidneys could be identified on the arteriogram. However, it was judged that the patient may still benefit from revascularization of at least one renal artery. The patient was referred to a vascular surgery center abroad with a CD copy of his renal arteriogram. There, renal arteriography was repeated with a view to another attempt at angioplasty. The second arteriogram confirmed the diagnosis of bilateral occlusion of the renal arteries, and did not reveal any collateral supply to the kidneys. Attempts at angioplasty were again unsuccessful. Surgical revascularization was eventually carried out after 4 months of anuria. Local excision was performed on one side with end to end reanastomosis, and an interposition graft was utilized on the other side using the saphenous vein. The surgery was uneventful, and was followed by rapid improvement in the patient's urine output and kidney function. He was weaned from dialysis, and within a few days of surgery his serum creatinine was 1.3 mg/dl. However, the patient still needed antihypertensive medication for control of his blood pressure.
A coronary angiogram done at the time of renal arteriography revealed occlusion of the circumflex coronary artery, and a peripheral angiography revealed concomitant peripheral vascular disease. In an attempt to combat this wide spread atherosclerosis, he was strongly advised to stop smoking and informed about the importance of adequate blood pressure control. He was maintained on Atenolol, Aspirin and Fluvastatin.
Unfortunately, the patient was again lost to follow up for several months, during which time he stopped taking his lipid lowering agent and continued to smoke. He presented again in August 2007, when he experienced recurrent episodes of chest pain and felt short of breath on moderate exertion. He was found to have heart failure (NYHA stage II) with a high blood pressure of 180/110 mmHg.
A chest X ray revealed cardiomegaly and pulmonary congestion, and an echocardiogram revealed global hypokinesia with a left ventricular ejection fraction of 35%. His serum creatinine was 1.6 mg/dl.
Discussion
The difference in kidney size revealed by the initial ultrasound scan of this hypertensive patient who had long history of smoking and a recent acute coronary event was suggestive of unilateral RAS. This diagnosis was supported, although not confirmed, by the findings of the DTPA scan; however, such scans are frequently difficult to interpret in the setting of renal impairment. Doppler study was not performed because an experienced operator was not available for us at the time.
Although renal revascularization may be considered in the management of RAS associated with hypertension and renal insufficiency, even if it is unilateral, a decision was made to manage this patient conservatively. We suspected that his renal impairment can be, at least in part, a consequence of his recent coronary event and excessive diuresis.
An ACE inhibitor was initiated, both to control his blood pressure and improve his left ventricular function. ACE inhibitors and angiotensin receptor blockers were reported to be effective in treating 86 -92% of cases of hypertension and atherosclerotic RAS [3] . As a result of the wider use of these agents for the treatment of hypertension, it is likely that many individuals with renovascular hypertension are never detected but are effectively treated.
In addition, clinical data suggest that the survival of patients with renovascular hypertension is better when ACE inhibitors are part of therapy than when they are not [4] . This benefit may be in part due to the fact that ACE inhibitors reduce morbidity and mortality in congestive heart failure [5] , which is a common co-morbidity in patients with RAS.
Nevertheless, a major concern regarding the use of ACE inhibitors for renovascular hypertension is their potential to cause functional acute renal failure. A rise in serum creatinine of up to 30% above baseline following the initiation of ACE inhibitors in patients with heart failure is a normal hemodynamic response, and a strong association exists between this acute increase in serum creatinine and long term preservation of renal function. Withdrawal of the ACE inhibitor in such patients should be considered only when the rise in serum creatinine level exceeds 30% above baseline within the first 2 months of ACE inhibitor initiation, or if hyperkalemia develops [6] .
Despite the initial improvement in this patient's renal function, his serum creatinine level rose over the ensuing weeks while taking lisinopril and this raised the suspicion of bilateral RAS [7] . Such an ACE inhibitor associated rise in serum creatinine is usually reversible upon withdrawal of the medication; however, this patient failed to respond to this first line approach.
Renal arteriography to confirm the diagnosis of bilateral RAS was arranged with a view to renal angioplasty. Unfortunately, arteriography revealed bilateral total renal artery occlusion, and attempts at angioplasty were unsuccessful.
Angioplasty has been reported to successfully salvage renal function after bilateral occlusion of the renal arteries by revascularization of one [8] [9] [10] or both [11, 12] occluded vessels. Percutaneous revascularization should always be attempted first because it is associated with a lower risk of complications compared with surgical revascularization [13] , which can still be attempted in case of unsuccessful angioplasty [5] .
Unfortunately, several weeks of anuria had already been behind when the diagnosis was confirmed. This raised the question of whether surgical revascularization would benefit the patient, given that transferring the patient to a center equipped with the facilities and experience to perform surgical revascularization entails an extended delay.
Reversing the loss of kidney function with an occlusive disease of the renal arteries poses a major clinical challenge. A number of factors were explored for predicting which patient is most likely to benefit from revascularization. A shrunken kidney, a kidney with cortical necrosis or a kidney proven by biopsy to have irreversible damage is not likely to benefit from revascularization. In addition, a duplex ultrasound scan revealing a renal resistance index of greater than 0.8 indicates small vessel and large vessel disease; such findings predict a poor response to either percutaneous or surgical revascularization with respect to improvement in hypertension, renal function, or kidney survival [14] . This patient's kidneys were on the lower side of the normal range of volume estimates, and a renal biopsy was considered unsafe in his condition. Also, although his renovascular disease was most likely a chronic problem, no collateral renal blood supply or nephrogram could be identified on his renal arteriogram. However, the patient agreed to undergo surgical revascularization in impulsive attempt to restore his kidney function. Surgery was eventually carried out after 4 month of anuria. Unpredictably, this was followed by immediate diuresis, and the patient's serum creatinine dropped to 1.3 mg/dl within few days of surgery.
Such a rewarding outcome manifests the ability of the kidney to adapt to chronic ischemia, and underscores the importance of considering revascularization in all patients with renal artery occlusion, even after a long period of non-functioning. This is supported by a number of reported cases in which renal dysfunction resulting from bilateral renal artery occlusion was successfully reversed by revascularization, even after prolonged periods of anuria. Unilateral revascularization was successfully used to salvage renal function in 3 elderly chronic renal failure patients who had bilateral renal artery occlusion or diffuse stenosis after being dialysis dependent for 2 weeks, 3 weeks, and 2 months. Two of those patients returned to essentially normal renal function and all had better blood pressure control [15] . Renal revascularization was also successful in restoring kidney function for a young lady who developed total occlusion of the renal artery supplying a solitary functioning kidney as a result of fibromuscular dysplasia; she regained normal renal function and normal blood pressure after being anuric for 31 days [16] . Another young man underwent successful revascularization of an occluded renal artery supplying a solitary functioning kidney after being dialysis dependent for more than six months; this was followed by dramatic improvement in renal function, but he continued to have severe hypertension that was controlled by medication [17] .
The ability of the kidney to adapt to chronic ischemia is also manifest by the case of an 11 month old child, who developed renal artery occlusion and anuric renal failure following an unsuccessful attempt at PTRA for a solitary kidney. Despite the prolonged period of anuria, kidney viability was suspected, based on preservation of kidney length and the absence of glomerulosclerosis on kidney biopsy. At 19 months of age, revascularization of the kidney was performed, followed by gradual improvement in renal function so that the child eventually became dialysis-independent [18] .
The benefits of revascularization for this patient were not limited to restoration of kidney function and improved blood pressure control, but extended to an improvement in his heart failure symptoms. Such benefit has been previously reported in the literature [19] . The poor cardiovascular status in which this patient presented several months after revascularization underscores the importance of a holistic approach to the management of such patients. Failure of this patient to adhere to lipid lowering therapy and to quit smoking, accompanied by poor blood pressure control, resulted in deteriorating left ventricular function and severe morbidity. This occurred despite a well maintained kidney function.
Conclusion
This case reflects the ability of the kidney to adapt to chronic ischemia, and underscores the importance of considering renal revascularization in all patients with renal artery occlusion, even after long periods of kidney non-functioning.
